Attribution of an extreme magnitude 1-day rainfall event in Hobart is inhibited by small sample size. For moderate magnitude Hobart daily rainfall extremes, models suggest that the associated extratropical lows will deliver more rainfall with weaker pressure anomalies in a warmer world.
Introduction
On May 10th 2018, Hobart, Tasmania, experienced an extreme rainfall event, which caused 3 flash flooding, infrastructure damage and major disruption across the capital city, leading to 4 $100 million in insurance claims (Cooper 2019) . Gauged records indicate that 130mm of rain 5 fell during the event, which ranks as the second highest autumn rainfall day over the ~120-6 year record, with the largest occurring in 1960. The frequency and magnitude of daily 7 autumn wet extremes show interannual to multidecadal variability over the gauged record 8 and no clear linear trend (Figure 1a ). Future projections, however, indicate that in a warmer 9 world these types of events are likely to increase in both frequency and magnitude across 10 Tasmania (White et al. 2013) . Given its extreme magnitude we thus ask whether an 11 anthropogenic contribution is already apparent in the autumn 2018 event. 12 13 Anthropogenic attribution assessments typically rely on general circulation models (GCMs) 14 to characterise the expected signal. Daily rainfall extremes present a novel challenge for 15 event attribution in GCMs because the rainfall process is at least partly parameterised. In 16 order to have confidence in the use of GCMs for attribution studies, it is important to not 17 only assess their ability to simulate the statistics of extreme events (e.g. magnitude and 18 frequency) but also the associated atmospheric circulation (Grose et al. 2012; Otto 2016; 19 Sillmann et al. 2017; Tozer et al. 2019) . This provides confidence that a model is producing 20 rainfall extremes for the right reasons (Eyring et al. 2019) . 21 22 In our approach to this event attribution study we include an evaluation of our selected 23 model's ability to simulate 1-day wet extremes in Hobart and their associated synoptic and 24 large-scale circulation. We utilise the atmosphere-only HadAM3P model from the 25 weather@home project (Massey et al. 2015; Guillod et al. 2017) . Weather@home provides 26 simulations of both an "actual" and "natural" world (effectively, with and without 27 anthropogenic climate change), which allows us to estimate changes in climate extremes in The NAT and ACT wet event magnitude histograms have similar shapes (Figure 2a) , with a 116 Kolmogorov-Smirnoff (KS) test suggesting that there is no significant difference between the 117 histograms at the 5% level (p-value of 0.18). As in the observations, the NAT and ACT 118 extreme event distributions have a long tail. Also of interest is that while the overall number 119 of wet extremes in NAT and ACT are similar, there is a higher number of events in the 30-120 50mm range in ACT. Figure 2c presents the return period of daily rainfall in NAT and ACT. 121 Again it is clear that there are very few days with rainfall >50mm in both simulations. The 122 confidence intervals for NAT and ACT for these high magnitude rainfall days are both large 123 and overlapping. These results show that even in a large number of model simulations, 124 these "extreme" extremes are very rare in Hobart. We cannot draw statistically robust 125 conclusions about the anthropogenic influence on the autumn 2018 event from only a 126 handful of events of that size. Some comment may be made about events in the 30-50mm 127 range ("mid-range" extremes) given their larger sample size. Figure 2c clearly shows that 128 return periods for rain days in this range are lower in ACT relative to NAT i.e. rain days of 129 this magnitude are more frequent in ACT. For example, a 35mm rainfall day in ACT has a 130 return period of ~8.5 years relative to ~13 years in NAT (Figure 2c inset) . 131 132 We now assess variability in the intensity of the low pressure systems associated with 133 Hobart wet events (Figure 2d ). There is a clear displacement of probability mass toward 134 lower magnitude (i.e. less negative) z500 anomalies for ACT events in Figure 2c relative to 135 NAT. This suggests that wet events in ACT can occur in association with a weaker cutoff low 136 intensity, which is also evident in the composite ACT and NAT circulations (Figure 2b) . A KS 137 test indicates that the shift in the distributions is significant at the 5% level (p-value of 0.02).
139
We further explore this observation in Figure 2e . Here we focus on the z500 anomaly range 140 in which the majority of the wet extremes occur (i.e. 0--200m, Figure 2d ) and plot the 141 distribution of wet extreme magnitude for z500 anomalies in bins spanning 10m each. 142 Figure 2e reveals a tendency for wet extreme magnitudes in ACT to be greater than NAT for 143 the same z500 anomaly, particularly in the -160--90m z500 anomaly range. These results 144 thus indicate that wet extremes in ACT occur in association with reduced (i.e. less negative) 145 pressure anomalies relative to NAT or alternately, for the same size pressure anomaly there 146 is a tendency for higher magnitude wet events in ACT relative to NAT. These results lend 147 support to the idea that extratropical baroclinic eddies (e.g. cutoff lows) may be weaker in a 148 warmer climate (e.g. as represented here by the ACT world), but more efficient in that the 149 increased moisture in the atmosphere makes for more intense rainfall extremes (Held 1993; 
Conclusions

153
We have examined whether the autumn 2018 extreme 1-day rainfall event in Hobart had an 154 apparent anthropogenic contribution. We first undertook a process evaluation of the HadAM3P 155 model and found that although modelled wet events tend to have lower magnitudes compared to 156 observed, the associated atmospheric circulation is well captured in the model, which gives 157 confidence in its use in this attribution study. 158
Based on the assessment of ACT and NAT simulations from the weather@home project, we draw no 159 clear conclusions (either way) about the anthropogenic influence on very extreme rainfall days (like 160 the autumn 2018 event), given the very small sample size of events of this magnitude. There are, 161 however, indications in the model simulations that moderate magnitude 1-day wet extremes in 162 Hobart in a warmer world (represented here by the ACT simulations) are associated with higher 163 rainfall magnitudes for the same or weaker (i.e. less negative) circulation anomalies. To provide 164 further confidence that extratropical lows are becoming more efficient in delivering extreme rainfall 165 events both in Hobart and more generally, additional models, seasons and study regions should be 166 tested. 167 168 5. Acknowledgments. 
